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EXECUTIVE SUMMARY

Roundabouts are a useful form of intersection design that have applicability in a variety of situations.
Roundabouts can be used at low-volume and high-volume intersections as an alternative to traditional
intersection control of stop signs and traffic signals, where such control forms are not warranted or
efficient. Because roundabouts require a low speed on entry and circulation, they necessitate more
adaptation to a high-speed setting, in order to encourage drivers to slow to the lower speeds suitable
for entering and circulating the roundabout. Appropriate deceleration on approaches to roundabouts is
primarily accomplished through the use of applicable geometric design principles; however, traffic
control devices (specifically signing and markings on the approach) also serve a vital role in
communicating to the approaching driver what speed profile should be anticipated. Information on
suitable treatments to use at these locations is valuable to practitioners and can aid in the decision
about which treatment(s) to install and/or study at a given location.

This report provides a resource for engineers to identify and select appropriate speed reduction
treatments for high-speed approaches to roundabouts. The research examines best practices and
research literature on speed reduction techniques for high-speed approaches for all intersection types,
as well as treatments for work zones and horizontal curves. Included in the review is a summary of
current design and traffic control device guidance in Minnesota, from the MnDOT Road Design Manual
and Minnesota Manual on Uniform Traffic Control Devices, and a compilation of responses from
practitioners with experience in designing and operating roundabouts with high-speed approaches.
Guidance from within Minnesota includes discussion of how to determine a roundabout’s fastest path
and providing appropriate radii for entry, circulation, and exit maneuvers; selecting appropriate design
vehicles and approach offsets; landscaping and maintenance concerns; and recommended signs,
plaques, and pavement markings.

Feedback from practitioners was in the form of responses to 10 questions about their experiences with
roundabouts with high-speed approaches, including geometric treatments, traffic control device
treatments, changes in maintenance practices, crash history, and countermeasures considered or
applied. Researchers contacted three groups of practitioners, based on input and guidance from the
TAP: the Transportation Research Board (TRB) Roundabout Committee and listserv used heavily by more
than 400 practitioners, the technical consultants on MnDOT list of pre-qualified contractors for
roundabout work types, and the city and county staff who are on MnDOT's state-aid contact list. In
total, during the month in which the practitioner request was conducted, researchers received nine
responses from the TRB listserv and one updated contact person from the MnDOT prequalified list. Of
these responses, four completed questionnaires were received, representing respondents from four
states (Minnesota, Arizona, Kansas, and Wisconsin) and were employed by two state DOTSs, a city, and a
consultant. Common treatments described by the practitioners included splitter islands, approach
curves, guide signs and diagrammatic signs (with spacing adjusted for speed-appropriate distances), and
illumination. Respondents indicated very little change in routine maintenance, and they indicated that
the number and severity of crashes declined after installation of roundabouts.



Researchers also reviewed previous research and existing guidance on speed reduction techniques from
national documents (FHWA’s Roundabouts: An Informational Guide, first and second editions) and
guidance documents from four other states (lowa, Kansas, Wisconsin, and Washington). These
documents provide a representative sample of the material available to practitioners seeking guidance
on design of high-speed roundabout approaches. Collectively these documents discuss appropriate
ranges of values for inscribed circle diameter (90-180 ft) and splitter island length (50-200 ft), as well as
considerations for illumination, advance signing and marking, and potential countermeasures to
encourage speed reduction.

Based on the findings from the aforementioned efforts, researchers synthesized a selection of
treatments, including traditional signs with and without beacons, pavement markings, illumination,
speed-activated signs, and transition zones. Information on the effectiveness of these treatments, as
well as potential costs of installation and maintenance, are provided for the practitioner to determine
which treatment(s) best suit the site under consideration. Guidance is also provided for the
methodology of conducting a speed study to determine the speed characteristics of a site, as well as
links to resources for additional information.

Finally, the project identifies a number of research needs specific to particular treatments as well as the
general need for field research of the recommended countermeasures specifically on approaches to
high-speed rural roundabouts. Three general research needs apply broadly to the treatments discussed
in this research:

e Establish that these countermeasures would achieve speed reductions on roundabout
approaches that are similar to other locations (e.g., horizontal curves) where they are more
commonly used.

e Determine the effects of a combination of multiple countermeasures, compared to single
treatments used individually.

e Document the effectiveness of a single treatment relative to another single treatment,
particularly for treatments of similar cost (e.g., compare two different warning signs, or two
pavement marking treatments).

More specific research needs statements are also provided for infrastructure treatments (gateway
treatments, illumination), pavement markings (transverse markings, lane narrowing), and signing
(transition zones, long-term effectiveness).



CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Roundabouts are a useful form of intersection design that have applicability in a variety of situations.
Roundabouts can be used at low-volume and high-volume intersections as an alternative to traditional
intersection control of stop signs and traffic signals, where such control forms are not warranted or
efficient. A key feature of roundabouts is their lower speed on entry and circulation, which is easily
adaptable to urban, suburban, and neighborhood applications, but requires more adaptation to a high-
speed setting, in order to encourage drivers to slow to the lower speeds suitable for entering and
circulating the roundabout. Appropriate deceleration on approaches to roundabouts is primarily
accomplished through the use of applicable geometric design principles; however, traffic control devices
(specifically signing and markings on the approach) also serve a vital role in communicating to the
approaching driver what speed profile should be anticipated. Information on suitable treatments to use
at these locations is valuable to practitioners and can aid in the decision about which treatment(s) to
install and/or study at a given location.

1.2 OVERVIEW OF THE RESEARCH AND REPORT

This report provides a resource for engineers to identify and select appropriate speed reduction
treatments for high-speed approaches to roundabouts. The research examines best practices and
research literature on speed reduction techniques for high-speed approaches for all intersection types,
as well as treatments for work zones and horizontal curves. Based on the findings from those efforts, the
report summarizes a selection of treatments, including traditional signs with and without beacons,
pavement markings, illumination, speed-activated signs, and transition zones. Information on the
effectiveness of these treatments, as well as potential costs of installation and maintenance, are
provided for the practitioner to determine which treatment(s) best suit the site under consideration.
Guidance is also provided for the methodology of conducting a speed study to determine the speed
characteristics of a site, as well as links to resources for additional information.

This report is organized into five chapters:
e Chapter 1 is this introductory chapter.

e Chapter 2 summarizes a review of existing guidance in Minnesota and across the United States,
as well as the research team’s activities in documenting current practice on roundabout speed
reduction.

e Chapter 3 describes analysis of previous research on speed reduction techniques.



Chapter 4 provides a listing of recommended practices from which a practitioner can choose, as
well as a discussion of evaluation methods to determine what specific issues exist at a
roundabout and how best to treat them.

Chapter 5 contains the research team’s conclusions and recommendations.



CHAPTER 2: STATE OF THE PRACTICE

2.1 INTRODUCTION

A thorough review of potential treatments and countermeasures for high-speed approaches to
roundabouts includes the context in which those treatments and countermeasures would be applied.
That context requires an understanding of current practices used by agencies who operate such
facilities. Task 1 of this project involved requesting and processing information from practitioners who
have experience designing and/or installing roundabouts with high-speed approaches. This technical
memorandum describes the activities conducted by the research team to complete the task.

2.2 CURRENT GUIDANCE IN MINNESOTA

2.2.1 MnDOT Road Design Manual

Information on design guidance for at-grade intersections is provided in Chapter 5 of the MnDOT Road
Design Manual (1), but Chapter 12 contains more detailed design guidelines for modern roundabouts.
There are several sections within Chapter 12 that have particular relevance to this research question
and are summarized here.

Section 12-3.02 discusses the feasibility of a roundabout. It says that feasibility for roundabouts begins
with specifying a preliminary configuration. The configuration is specified in terms of the minimum
number of lanes required on each approach and thus which roundabout category is the most
appropriate basis for design: urban or rural, single-lane, or multi-lane. Roundabouts can be appropriate
at high-speed intersections, especially those with a poor crash history.

Section 12-4.04 describes design principles for roundabouts. Subsection 12-4.04.01 summarizes the
concept of the fastest path principle from the FHWA document Roundabouts: An Informational Guide
(2) as “the smoothest, flattest path possible for a single vehicle, in the absence of other traffic and
ignoring all lane markings, traversing through the entry, around the central island, and out the exit.”
This principle is important because its use quantifies the highest speed at which a driver could travel
through a roundabout. On a high-speed approach, the fastest path constraint needs to be made clear to
the approaching driver to minimize the likelihood of a driver entering the roundabout at an excessive
speed. Thus, the next subsection of Chapter 12, Subsection 12-4.04.02, discusses speed consistency.
Speed consistency is described as a complementary aspect to the design principles of entry speed and
deflection. The MnDOT Road Design Manual says that the “elements of the roundabout should be
designed so that the relative speeds between consecutive geometric elements as well as between
conflicting traffic streams be kept within certain design values. The benefit of achieving these speed
consistencies is primarily safety-related, particularly reducing the likelihood of loss-of-control crashes,
although entry capacity can benefit by reducing speed differential between entering and circulating
traffic.”



The fastest path concept is used as a geometric basis for checking speed consistency, which underscores
the importance of the design of the approach in providing a roundabout that is safe for drivers. Traffic
control devices supplement the design and help to inform the driver what is expected, but the design
provides the conditions on which the driving environment is based.

Using information from Roundabouts: An Informational Guide (2), the MnDOT Road Design Manual
describes the critical path radii in the fastest path concept, as well as their relationships. Figure 2.1 is a
reproduction of Figure 12-4.04A in the MnDOT Road Design Manual, and Table 2.1 replicates Table 12-
4.04A, describing the key design elements in the fastest path evaluation.

Figure 2.1 Fastest vehicle path radii. (1)



Table 2.1 Radii used to define the fastest path through a roundabout. (1)

Variable Description

. The minimum radius on the fastest through path prior to the yield
Entry Path Radius, R1 , . .
line. This is not the same as Entry Radius.

) ) . The minimum radius on the fastest through path around the central
Circulating Path Radius, R2 <land
island.

Exit Path Radius, R3 The minimum radius on the fastest through path into the exit.

. The minimum radius on the path of the conflicting left-turn
Left Turn Path Radius, R4
movement.

Right Turn Path Radius, R5 The minimum radius on the fastest path of a right-turning vehicle.

The Manual states that, typically, the speed relationships between R1, R2, and R3 as well as between R1
and R4 are of primary interest. Along the through path, the desired relationship is R1>R2<R3, where R3
should not be less than R1. Similarly, the relationship along the left-turning path is R1>R4. The
difference in achieved design speed from R1 to R2 or R4 should be 6-8 mph (10-15 km/h) desirable and
12 mph (20 km/h) absolute maximum. For most designs, the R1/R4 relationship will be the most
restrictive for speed differential at each entry. However, the R1/R2/R3 relationship should also be
checked, particularly to ensure the exit design speed is not restrictive.

Subsection 12-4.04.03 of the Manual provides guidance on the design vehicle. It refers the reader to
Chapter 5 for the four primary design vehicles, but it adds that the restrictive nature of roundabout
geometry makes this decision a critical one, even though selection of the appropriate vehicle is dictated
by site-specific circumstances. For this reason, the Manual says that a consideration of the
consequences of usage of any roundabout approach by WB-62 vehicles —even where they are not the
designated design vehicle — is strongly recommended. Additionally, usage or possible usage of the
facility by unconventional vehicles (e.g. farm vehicles, oversized loads) must be researched and the
design tailored to accommodate them accordingly.

Section 12-4.05 discusses geometric design criteria. Subsection 12-4.05.07 focuses on setting the
approach offset to increase entry deflection, an important feature in encouraging drivers to slow to
appropriate speeds on high-speed approaches. The Manual advises that the technique of offsetting the
approach alignment left of the roundabout center is effective at increasing entry deflection (see Figure



2.2). However, this also decreases the entry angle @, which if decreased too far can create reduced
capacity, unsafe entry conditions, line of sight issues, or unbalanced lane use. It also reduces the
deflection of the exit on the same leg, which will increase the fast path speed at the entry. Therefore,
the distance of the approach offset from the roundabout center should generally be kept to a minimum
to maximize its effectiveness in design. Another effective method may be to increase the inscribed
diameter slightly.
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Figure 2.2 Approach offset. (1)

In Subsection 12-4.05.08, the Manual states that curbs are required at rural roundabouts also. Itis
important to modify the rural cross-section by introducing a curb/gutter as the highway approaches the
roundabout. Curbs are used in the rural roundabout area to define the roundabout entry, calm
approach speeds, and indicate a change in roadway environment. Designers should reduce the shoulder
width by tapering a Design B curb and gutter toward the travel lane.

Subsection 12-4.06.03.2 describes the interaction between driver behavior and geometric elements.
The designer is reminded that drivers approaching a roundabout must slow to a speed that will allow
them to safely interact with other users of the roundabout and to negotiate the roundabout. The width
of the approach roadway, the curvature of the roadway, and the volume of traffic present on the
approach govern this speed. As drivers approach the yield point, they must check for conflicting
vehicles already on the circulatory roadway and determine when it is safe and prudent to enter the
circulating stream. The widths of the approach roadway and entry determine the number of vehicle
streams that may form side-by-side at the yield point and govern the rate at which vehicles may enter
the circulating roadway. The size of the inscribed circle affects the radius of the driver's path, which in
turn determines the speed at which drivers travel through the roundabout. The width of the circulatory
roadway determines the number of vehicles that may travel side-by-side through the roundabout.



Section 12.5 discusses some common maintenance considerations. Subsection 12-5.01 focuses on snow
and ice operations, stating that a goal of snow and ice operations is to effectively mitigate the visual
impact that snow may have on the recognition of the roadway surface. When the visual perception of
the roadway is lost, it is important for snowplow operators to have landmarks available to successfully
navigate the roundabout approach and intersection. Without this guidance, unnecessary damage from
the plow (or the snow it is moving) may occur to curbs, medians, light poles, and signage. Subsection
12-5.02 describes considerations for routine maintenance, with an emphasis on the central island and
landscaping; in particular, the Manual states that all roundabouts must provide some form of visual
conspicuity in the central island to promote safety. It also says that maintenance of pavement markings
is important to provide positive feedback to drivers and may require a great deal of effort, but different
pavement types, colors, surfacing and transitional curbing can provide visual feedback to the drivers and
facilitate movement through the roundabout in lieu of pavement markings.

Section 12-7.0 further discusses the advantages and recommended guidelines of landscaping, including
recommendations to make the central island and splitter islands more conspicuous, and to visually
reinforce the geometry, intended circulation paths of all modes, and necessary decision-making. Proper
landscaping helps to avoid obscuring the form of the roundabout, the signing, and pedestrian crossings,
and it clearly indicates to drivers that they cannot travel straight through the intersection.

2.2.2 Minnesota MUTCD

The Minnesota Manual on Uniform Traffic Control Devices (MN MUTCD) (3) also contains some
information specific to roundabouts. Chapter 2B provides standards and guidance for regulatory signs,
and it states that a roundabout is the only type of intersection at which all approaches can be controlled
by YIELD signs. If a raised splitter island is available on the left-hand side of a roundabout approach, an
additional YIELD sign should be placed on the left-hand side of a multi-lane approach, and an additional
YIELD sign may be placed on the left-hand side of a single-lane approach. Where the central island
allows for the installation of signs, Roundabout Directional Arrow signs should be used to inform drivers
of the appropriate direction of travel; ONE WAY signs may be used instead of or to supplement
Roundabout Directional Arrow signs. Where the central island does not provide a reasonable place to
install a sign, Roundabout Circulation Plaques should be placed below the YIELD signs on each approach.
Figure 2.3 is a reproduction of Figure 2B-22 from the MN MUTCD and illustrates examples of regulatory
and warning signing for a single-lane roundabout.

Chapter 2C, on warning signs, provides guidance that if an approach to a roundabout has a statutory or
posted speed limit of 40 mph or higher, the Circular Intersection (W2-6) symbol sign (see Figure 2.4)
should be installed in advance of the circular intersection. AROUNDABOUT (W16-17P) educational
plague may be mounted above or below a Circular Intersection symbol sign on the approach to a
roundabout but may not be used on an approach to a traffic circle. A TRAFFIC CIRCLE (W16-12P)
educational plaque may be mounted above or below a circular intersection symbol sign on the approach
to a traffic circle but may not be used on an approach to a roundabout. The relative importance of the



intersecting roadways may be shown by different widths of lines in the symbol. An advance street name
plaque (see Section 2C.58) may be installed above or below an Intersection Warning sign.
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Figure 2.3 Example of regulatory and warning signs for a one-lane roundabout. (3)
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Figure 2.4 Warning signs for use on approaches to circular intersections. (3)

Chapter 3C contains the MN MUTCD’s standards and guidance on pavement markings at roundabouts.
The Manual’s general guidance to open that chapter states that “pavement markings and signing for a
roundabout should be integrally designed to correspond to the geometric design and intended lane use
of a roundabout. Markings on the approaches to a roundabout and on the circular roadway should be
compatible with each other to provide a consistent message to road users and should facilitate
movement through the roundabout such that vehicles do not have to change lanes within the
circulatory roadway in order to exit the roundabout in a given direction.” (3) The Manual provides
multiple examples of markings for different configurations of roundabouts and roundabout approaches;
representative examples are reproduced here as Figure 2.5 and Figure 2.6.

Section 3C.6 provides the option that lane-use arrows may be used on any approach to and within the
circulatory roadway of any roundabout. YIELD (word) and YIELD AHEAD (symbol or word) pavement
markings (see Figure 2.5) may be used on approaches to roundabouts.

Word and/or route shield pavement markings may be used on an approach to or within the circulatory
roadway of a roundabout to provide route and/or destination guidance information to road users.
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Figure 2.5 Example of markings for approach and circulatory roadways at a roundabout. (3)
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Figure 2.6 Example of markings for a two-lane roundabout with one- and two-lane approaches. (3)
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2.3 REQUEST FOR PRACTITIONER INFORMATION

To better understand the current practices of practitioners in Minnesota and elsewhere in the United
States, relative to the guidance described in the previous sections, the research team requested
information on the experiences of practitioners who have designed and/or installed roundabouts with
high-speed approaches. The intent of this task was to request information on the documented
experiences that these practitioners have had on treatments they have considered or used on high-
speed approaches and the results they have observed.

The research team began with a draft set of questions to share with the project’s Technical Assistance
Panel (TAP) at the kickoff meeting. The panel members were asked to provide their feedback on the
guestions at that meeting and a revised draft set of questions was developed based on the panel’s
comments. The panel reviewed the revised draft and, after making some additional changes, the final
list of questions was approved by the panel for use. The questions were also submitted to the
Institutional Review Board (IRB) at Texas A&M University for their approval to ensure compliance with
requirements and guidelines for research involving human subjects; IRB determined that the question
list was appropriate and deemed it exempt from further review.

The final list contained 10 questions, the text of which is reproduced here:

1. Within your jurisdiction, do you have any roundabouts with high-speed (i.e., > 40 mph)
approaches, or do you have experience installing such roundabouts in other locations? (Skip
remaining questions if answer to Question 1 is “no”)

2. What are the locations of the roundabouts referred to in your answer to Question 1?

What kind of geometric treatments (e.g., horizontal curvature, channelizing island, etc.) were
used on the high-speed approaches that are not typically used on low-speed approaches?

4. What kind of traffic control device treatments (e.g., advance signs, beacons, pavement
markings, pylons, etc.) were used on the high-speed approaches that are not typically used on
low-speed approaches?

5. What kind of geometric or traffic control device treatments were used on the high-speed
roundabout approaches that are not typically used on high-speed approaches for other
intersection types (e.g. two-way or all-way stop-controlled, signalized, T intersections, etc.)?

6. Thinking about the treatments described in Questions 3 and 4, what changes in maintenance
have you experienced at the treated sites (e.g., replacement of signs, snow removal, etc.)?

7. How have you identified and documented crashes and safety issues at roundabouts with high-
speed approaches? This could include formal crash reports, or it could include indicators of
incidents such as tire marks, damaged signs, or roadside intrusions observed in the field
indicating unreported crashes. What indicators do you use to determine that speed was a factor
in a crash?

8. Do you have locations of roundabouts with high-speed approaches with no documented crashes
or indicators?

9. What countermeasures were considered and/or implemented to prevent or reduce crashes or
indicators of incidents on high-speed approaches?

12



10. What effects on crash frequency or severity were documented after the treatments in Question
9 were installed? Was there a reduction in treatable crashes or indicators of incidents?

With the question list finalized, researchers contacted three groups of practitioners, based on input and
guidance from the TAP: the Transportation Research Board (TRB) Roundabout Committee and listserv
used heavily by more than 400 practitioners, the technical consultants on MnDOT list of pre-qualified
contractors for roundabout work types, and the city and county staff who are on MnDOT’s state-aid
contact list. The question list was sent to the state-aid contact list through the TAP; researchers
contacted the TRB listserv directly, and with help from TAP members, obtained the contact information
for the 12 consultants on the pre-qualification list to contact them directly by e-mail as well. The 12
firms on the pre-qualification list were:

e Bolton & Menk, Inc.

e DLZ National, Inc.

e GHDINC

e HDR Engineering, Inc.

e Kimley-Horn and Associates, Inc.
o MTJ ENGINEERING, INC.

e Short Elliott Hendrickson, Inc.

e SRF Consulting Group, Inc.

e Stantec Consulting Services Inc.
e Stonebrooke Engineering, Inc.

e Toltz, King, Duvall, Anderson and Associates, Inc.
e WSB & Associates, Inc.

2.4 PRACTITIONER RESPONSES

During the first week after the requests were sent to the various practitioner groups, the research team
received six responses from TRB listserv participants, one of which was a completed survey and one of
which was a request to contact by telephone to complete the questionnaire through an interview.
Researchers conducted the phone interview with that respondent within the same week. Remaining
responses from the TRB listserv were either suggestions for additional practitioners for researchers to
contact or suggestions on additional literature to review. There were no responses from the MnDOT
prequalified list or the state-aid list.

During the following two weeks, researchers sent reminders to the three groups and received two
additional completed surveys from the TRB listserv, as well as one response with no high-speed
roundabouts in his jurisdiction. One response was received from the MnDOT prequalified list, providing
the name of the most appropriate contact person within that firm; a follow-up e-mail was sent to that
contact person, but no response was ever provided. No responses were received from the state-aid list.
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In total, during the month in which the practitioner request was conducted, researchers received nine
responses from the TRB listserv and one updated contact person from the MnDOT prequalified list. Of
these responses, four completed questionnaires were received, representing respondents from four
states (Minnesota, Arizona, Kansas, and Wisconsin) and were employed by two state DOTs, a city, and a
consultant. The remainder of this section will describe the responses from those four completed
questionnaires.

2.4.1 Responses to Question 1

Question 1 asked practitioners: “Within your jurisdiction, do you have any roundabouts with high-speed
(i.e., > 40 mph) approaches, or do you have experience installing such roundabouts in other locations?
(Skip remaining questions if answer to Question 1 is “no”)”

As could be expected, each of the four respondents answered “yes” to this question. An additional
guestionnaire was returned with an answer of “no”, leaving the answers to the remaining questions
blank. The research team had intended to gain an appreciation for how many practitioners had no
previous experience with high-speed approaches by counting the number of “no” answers to this
guestion, but the lack of response provided no meaningful information to that effect.

2.4.2 Responses to Question 2

Question 2 asked practitioners: “What are the locations of the roundabouts referred to in your answer to
Question 1?”

The respondent from Wisconsin provided a general answer: “Facilities include two-lane rural roadways,
multi-lane expressways (with at-grade intersections) and interchange exit ramps.” The remaining
respondents provided specific locations for their answers. Scottsdale, Arizona, has one intersection of
interest, at Hayden Road and Northsight Boulevard. The state of Kansas has nine such intersections on
their state highway system, and the respondent from Minnesota described 12 intersections, including
Trunk Highways (THs), County State Aid Highways (CSAHs), county roads, and city streets. The
Minnesota respondent provided a Google Earth file containing pushpins noting each of the locations,
and the research team created similar files for the other sites.

2.4.3 Responses to Question 3

Question 3 asked practitioners: “What kind of geometric treatments (e.g., horizontal curvature,
channelizing island, etc.) were used on the high-speed approaches that are not typically used on low-
speed approaches?”

Common treatments among the practitioners included introducing horizontal curvature and curbing
(typically on the splitter island but perhaps also on the right edge of traveled way instead of shoulder) at
a greater distance from the intersection than usually found on low-speed approaches. One respondent
specified that reconstruction limits with the introduction of first horizontal curve may be 1000 feet or
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more in advance of the roundabout. References were made to the Wisconsin DOT (WisDOT) Facilities
Development Manual (FDM) Figure 30.19 High-Speed Roundabout Approach and to AASHTO Green Book
Exhibit 10-73 Minimum Deceleration Lengths for Exit Terminals with Flat Grades of Two Percent or Less
(NOTE: this exhibit is Table 10-5 in the current 2011 edition of the Green Book).

The AASHTO table was described in the context of designing to assume comfortable deceleration from
the point drivers first encounter the curb and then slowing down to a comfortable speed to negotiate
the roundabout, usually using a target speed of 15 mph (the speed figured to obtain at the yield line).
Another respondent indicated that their roundabouts are generally designed for less than 30 mph, with
a fastest path around 25 mph.

Additional treatments mentioned by the respondents included:

e Anincreased offset left to provide wider entry throat for oversize/overweight vehicles.

e Minimal landscaping in the central island, to keep maintenance at a minimum, but often small
domes or a raised surface level to provide a visual cue that approaching drivers would need to
drive around the island.

2.4.4 Responses to Question 4

Question 4 asked practitioners: “What kind of traffic control device treatments (e.g., advance signs,
beacons, pavement markings, pylons, etc.) were used on the high-speed approaches that are not
typically used on low-speed approaches?”

All of the respondents listed advance diagrammatic signs as a treatment they have used to provide
drivers additional information, not only to inform them of an approaching roundabout, but also to
indicate to drivers how to prepare for turns to their intended destination, especially on multilane
roundabouts. One state installs yellow flashing beacons at selected roundabouts as an additional notice
to the driver, particularly when a roundabout is new. Spacing of signs is adjusted for speed-appropriate
distances, roadway lighting is commonly used to provide added illumination on the splitter island and
central island, and one state installs rumble strips on approaches with posted speed limits at or above
55 mph.

2.4.5 Responses to Question 5

Question 5 asked practitioners: “What kind of geometric or traffic control device treatments were used
on the high-speed roundabout approaches that are not typically used on high-speed approaches for
other intersection types (e.g. two-way or all-way stop-controlled, signalized, T intersections, etc.)?”

Splitter islands and approach curves to transition to the appropriate entry speed were the most obvious
geometric differences between roundabouts and other intersection types; while they could have
applications for certain intersections with specific characteristics, those two treatments would not be
automatically used at other intersection types as they would be for roundabouts. Guide signs were also
commonly mentioned, as there are signs specifically intended for roundabouts in the MUTCD (e.g.,
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Circular Intersection signs, ROUNDABOUT plaques, chevrons in the central island, etc.) that would not
be used at other intersections. The application of lighting and rumble strips could be different for
roundabouts than for other high-speed approaches. One state described additional treatments for
multilane roundabouts: overhead signing to supplement the arrow pavement marking, ground-mounted
signing for advance lane designation declaration, and pavement marking arrows within the roundabout.

2.4.6 Responses to Question 6

Question 6 asked practitioners: “Thinking about the treatments described in Questions 3 and 4, what
changes in maintenance have you experienced at the treated sites (e.g., replacement of signs, snow
removal, etc.)?”

Respondents indicated very little change in routine maintenance. Some accommodations have been
made for roundabouts that serve oversize/overweight vehicles, by installing sign assemblies with pinned
sleeves that are more easily removed and replaced. One respondent mentioned that they now
recommend light poles be placed about 10 ft from the curb around the circle, rather than the 3 ft
distance previously used, because some vehicles have lost control in snowy weather and hit the poles.

In general, snow removal was not considered an issue for the states that commonly have snow; one
specifically stated that maintenance groups have adapted very well by clearing the circulatory roadways
into the truck apron and collecting the snow. Another state indicated that, for crashes that have needed
to replace signs, the sign replacements have been less than would have been expected for another type
of intersection.

2.4.7 Responses to Question 7

Question 7 asked practitioners: “How have you identified and documented crashes and safety issues at
roundabouts with high-speed approaches? This could include formal crash reports, or it could include
indicators of incidents such as tire marks, damaged signs, or roadside intrusions observed in the field
indicating unreported crashes. What indicators do you use to determine that speed was a factor in a
crash?’

Two of the four respondents stated that their agency has conducted a formal review of crash reports
and safety performance. One review included several phased studies to evaluate crashes at
roundabouts, and they started a road safety audit/assessment with select roundabouts, including ones
with high-speed approaches. The other respondent said that they review crash records and collect
traffic counts; their reported crash rate was the same, but injuries/severity were down 80 percent.

Multiple respondents confirmed that formal crash reports were not the only method of identifying
potential safety problems; in one state, maintenance crews may report broken curbs, missing signs, and
other items, and those logs can be requested by HQ, but they may not voluntarily report those items
without asking. The state conducting the road safety audit offered that skid marks, debris, and near-
misses are helpful in documenting the risk and can point to deficiencies that aren’t evident from
reviewing crash reports. They added that they are also looking into the human behavior aspects of
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driving roundabouts, anticipating that they could learn more anecdotal information after discussions
with the region safety engineers and stakeholders such as the drivers and representatives from the
maintaining units of government.

Even for the agencies without a formal review of crash records, all of them indicated that the number of
crashes and/or the severity of such crashes had declined since installing roundabouts. One state added
that speed-related crashes tended to be single-vehicle crashes involving passenger vehicles.

2.4.8 Responses to Question 8

Question 8 asked practitioners: “Do you have locations of roundabouts with high-speed approaches with
no documented crashes or indicators?”

All four responses to this question answered in the negative. The following response is representative
of all four: “Most everything has some sort of history of crashes or indicators. But all of the locations
have had greatly reduced injuries and fatalities, despite the occurrence of crashes from time to time,
and they have addressed the concerns for which they were installed. Many of them were locations at
which there was a long-term documented trend of many crashes and/or injuries prior to installation of
roundabouts and those concerns have essentially been eliminated.”

2.4.9 Responses to Question 9

Question 9 asked practitioners: “What countermeasures were considered and/or implemented to
prevent or reduce crashes or indicators of incidents on high-speed approaches?”

The two state DOTs mentioned a specific roundabout that received special review and treatment to
reduce crashes. At one location, the DOT implemented countermeasures this summer at a problematic
high-speed roundabout approach to improve safety. The countermeasures included mounding the
central island, adding one-way chevron panels in the central island, installing transverse rumbles trips at
the approaches, adding a diagrammatic sign and altering signing locations closer to the roundabout.
The roundabout is downstream from a partial cloverleaf interchange ramp, so further signing separation
from the ramp was being sought.

The other DOT site was a multilane roundabout that had a particular problem with trucks that did not
have an appropriate angle of approach and ran into the central island. Truck crashes occurred with
regularity. The solution was to convert the intersection to a one-lane roundabout, which was
accomplished through striping and realignment. The crash problem dropped significantly after the
change was made.

Other than these two locations, in general, the respondents did not indicate that there have been any
noteworthy crash problems at roundabouts. At some locations there were reports of problems with
rear-end crashes because drivers stop in the circulatory roadway, as well as rear-end crashes at the yield
line on entry due to trailing vehicles being more aggressive than lead vehicles. Those can sometimes be
countered by additional signing or marking, though they do not want to lead to sign clutter, so spacing
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of signs and content of signs is important. Generally, however, suitable geometric design and
appropriate signing and marking have been sufficient. One respondent stated that roundabouts have
frequently been the treatment for intersections, rather than the roundabouts needing subsequent
treatments.

2.4.10 Responses to Question 10

Question 10 asked practitioners: “What effects on crash frequency or severity were documented after
the treatments in Question 9 were installed? Was there a reduction in treatable crashes or indicators of
incidents?”

For the first location described in the responses to Question 9, the DOT will conduct a formal review of
the crash history after sufficient time has passed following the treatments. For the remaining locations,
the general indication was that the crash rates have tended to be at or below the rates found prior to
treatment, and severity has declined with the installation of roundabouts. One respondent mentioned
that they regularly hire consultants with robust experience in high-speed roundabouts, so that the
designs are thoroughly reviewed and anticipated problems dealt with prior to construction.

2.5 CONCLUSION

There is existing guidance, both within Minnesota and nationally, on geometric design and traffic control
devices for roundabouts, though not much is provided specifically for high-speed approaches. However,
the low level of response to the practitioners’ request for information suggests that either there are not
many jurisdictions with high-speed roundabout approaches being constructed, or they have not
experienced many concerns with them. In general, the responses received through this request have
indicated that speed-appropriate geometric design principles can provide a good operating environment
that can be supplemented with commonly used signs and markings. Any horizontal alignment features,
whether they be curvature in the vicinity of the yield line (cf. Subsection 12-4.06.03.2 of the MnDOT
Road Design Manual) or curvature added to the approach near the upstream end of the splitter island
(as used by some practitioners in their responses), need to provide a proper transition into the target
speed or fastest path speed for the circulating roadway, and approach curbing and visual treatments
(e.g., mounding) on the central island provide advance cues to the driver that they will need to slow
down to prepare to drive around the roundabout. Roadway lighting to illuminate the boundaries of the
splitter island and central island was particularly useful to supplement the geometric design.
Roundabout-specific signing found in the MUTCD (e.g., advisory/warning signs, diagrammatic route
signs, etc.) provides additional cues to reduce speed as well as inform the driver of an upcoming
decision point; there was little evidence of any experimental or novel signing, markings, or beacons used
to inform or caution the driver that was not able to be accomplished through conventional traffic
control devices.
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CHAPTER 3: ANALYSIS OF PREVIOUS RESEARCH ON SPEED
REDUCTION TECHNIQUES

3.1 INTRODUCTION

Excessive speed is cited as a contributing cause in 28% of fatal crashes nationwide (4). Traffic safety
experts have researched speed reduction techniques through education, enforcement, and engineering.
The literature summary presented in this report includes a range of engineering countermeasures
evaluated for applications on horizontal curves, intersections, and tangent sections. In addition, federal
and state guidance on speed reduction techniques specific to roundabouts are summarized.

Drivers select their speed based on a number of conscious and unconscious factors of perception and
motivation. The perception of speed is determined by sight, hearing, and touch. The visual sensation of
both forward and peripheral vision affect one’s estimate of speed. The rate of change of the size of
objects in the forward view, referred to as a perceptual constant tau, contributes to speed perception
and estimates of time to contact with objects. Roadside objects streaming by in peripheral vision, called
optical flow, also affect speed perception. Eye height above the road can also affect speed perception —
one reason why go-karts feel so fast (5). Hearing also contributes to speed perception both in
perceiving road noise, but also engine noise. The touch sensation is important, especially in high-
frequency vibration, to estimate one’s speed. The vestibular system is also involved in the perception of
speed and lateral and longitudinal acceleration. In rural areas, especially, another perceptual process
called speed adaptation causes drivers to underestimate their speed after driving at high speed for a
period of time. So that, after driving 60 mph for a period of time, a driver may feel that 45 mph is
excessively slow (6).

Beyond the pure sensory experience, there are more conscious factors at work for the selection of
speed. Driver’s motivation and emotional state affect speed choice (7). These also affect the level of risk
a driver is willing to tolerate — risk of getting a speeding ticket and risk of crashing. The prevailing view is
that drivers are willing to trade off safety for a gain in time (8).

The research team conducted an online search on roundabout design guidance documents for all states.
The online search found:

e 20 states do not have a roundabout design guidance available online,

e 13 states use the 2000 Federal Highway Administration’s (FHWA) Roundabouts: An
Informational Guide as their main source (9)

e 15 states documents use 2010’s NCHRP Report 672, Roundabouts: An Informational Guide (10)
as their main source,

e Two states have design manuals that reference other documents
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As a result, NCHRP Report 672 Roundabouts: An Informational Guide, and FHWA Roundabouts: An

Informational Guide and other documents are summarized in the following sections. Because the scope
of the project is speed calming and speed countermeasures the summary focuses on the guidance these
documents give concerning speed at roundabouts. In addition, the research team focused on the design
guidance from lowa, Kansas, Wis